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Abstract In addition to eucalyptin the methanol extract from leaves of Eucalyptus citriodora (Myrtaceae) afforded the known compounds 
apigenin, chrysin, luteolin, naringenin, quercetin; together with betulinic acid, oleanolic, ursolic acid, and two remaining complex mixtures 
of unidentified flavonoids and triterpenes. These compounds together with triterpenes mixtures, hexane and ethyl acetate extracts showed 
antifeedant, insecticidal and insect growth regulatory activities against fall armyworm [Spodoptera frugiperda JE Smith (Lepidoptera: 
Noctuidae)] an important pest of corn, and yellow mealworm [Tenebrio molitor (Coleoptera:Tenebrionidae)] a pest of stored grains. The 
most active compounds were chrysin, eucalyptin, quercetin, luteolin, and betulinic and oleanolic acids and the mixtures of flavonoids and 
triterpenes (M1 and M2). These compounds and mixtures had IGR activity between 0.2 to 5.0 µg/mL and insecticidal effects between 5.0 
and 10.0 µg/mL.The extracts were insecticidal to larvae, with lethal doses between 20-100 µg/mL. These compounds appear to have 
selective effects on the pre-emergence metabolism of the Lepidoptera, since in all treatments of the larvae of S. frugiperda the pupation was 
shortened and this process showed precociousness in relation to control. Thus, these substances may be useful as potential natural 
insecticidal agents. 
 
Keywords: Eucalyptus citriodora, Myrtaceae, triterpenes, IGR, Spodoptera frugiperda, Tenebrio molitor. 
 
Resumen: Extracto metanolico de hojas de Eucalyptus citriodora (Myrtaceae) proporcionó además de eucalyptin, flavonoides tales como 
apigenina, crisina, luteolina, naringenina, quercetina; los triterpenos, ácido oleanólico, ácido ursólico betulínico, y dos mezclas complejas de 
flavonoides y triterpenos no identificados M1 y M2. Los flavonoides, triterpenos y mezclas de triterpenos, extractos de acetato de etilo y 
hexano mostraron efectos antialimentarios, insecticida y actividad reguladora de crecimiento (IGR) frente al gusano cogollero [Spodoptera 
frugiperda JE Smith (Lepidoptera: Noctuidae)], una plaga importante del maíz y frente al gusano de la harina [Tenebrio molitor 
(Coleoptera: Tenebrionidae)], una plaga de los granos almacenados. Los compuestos más activos fueron crisina, eucalyptin, quercetina, 
luteolina, ácido betulínico y ácido oleanólico y las mezclas de flavonoides y triterpenos (M1 y M2). Estos compuestos y mezclas mostraron 
actividad IGR entre 0,2 y 5,0 µg/mL y efectos insecticidas entre 5,0 y 10,0 µg/mL. Los extractos mostraron carácter insecticida para las 
larvas a dosis letales entre 20-100 µg/mL. Estas muestras parecen tener efectos selectivos sobre el metabolismo de pre-emergencia de los 
lepidópteros, ya que en todos los tratamientos de las larvas de S. frugiperda el tiempo de la pupación se acortó; este proceso muestra 
precocidad en relación con el control, las substancias ensayadas en este trabajo pueden ser útiles como potenciales agentes insecticidas 
naturales. 
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INTRODUCTION 
A great number of secondary metabolites (SM) are 
produced by plants, for instance species of Myrtaceae 
family. These SM, which are stored in roots and 
aerial parts, include alkaloids, flavonoids, phenolics 
and terpenoids. Some of these compounds occurring 
into the leaf and stems prevent waterless and 
probably protect the plant from sunlight. Another 
interesting ecological role of secondary metabolites is 
related to defense against phytophagous insects and 
pathogens (Macias et al., 2007).  
Our field observations in different regions of 
Central and South America, had shown us that the 
known and very common “tree lemon scent 
eucalyptus” (Eucalyptus citriodora Hook) is very 
resistant to the insect attack, and specially to 
Spodoptera frugiperda and Tenebrio molitor, that are 
insect widely distributed and attack fruits, corn crops 
and stored grains. 
The Eucalyptus genus (Myrtaceae), is native 
to Australia, because of their pronounced resistance 
to insect attack in nature, we have chosen to 
investigate the insecticidal activity specifically of 
Eucalyptus citriodora species from the family 
Myrtaceae that until now has not been considered 
important as medicinal or agronomic plant. These 
plants survive under strong environmental stress 
conditions and are not attacked by insects (Imatomi et 
al., 2013), and are used as cellulose sources for paper 
industry. 
To the best of our knowledge, very few 
species of the large genus Eucalyptus have been 
studied phytochemically, there are more than 500 
species widely cultivated in various parts of the world 
(Brooker & Kleinig, 2004). These are commonly 
called gum trees, as these exude a gum and are 
known world over for insect-repellant properties. The 
eucalypt trees are characterized by evergreen foliage 
that is variably fragrant due to the presence of 
volatile essential oils. These find an extensive use in 
perfumery and pharmaceutical industry and their 
amount and fragrance varies with the species. In 
Americas, eucalypts was introduced around 1890’ 
and is now one of the major crops of trees for 
cellulose industries under the forest plantations 
(FAO, 2001). These species are cultivated for forest 
industry and are majority red gum (E. 
camaldulensis), lemon-scented gum (E. citriodora), 
Tasmanian blue gum (E. globulus), Shining gum (E. 
nitens) and Cider gum (E. tereticornis). Among these, 
E. citriodora is a large, quick-growing tree with 
smooth and white bark and lemon-scented leaves. It 
is extensively planted and coppiced for the extraction 
of essential oil that is rich in citronellal and used in 
perfumery and as flavouring agent. The oil is known 
to possess a wide spectrum of biological activities 
including fungicidal (Ramezani et al., 2002), 
antimicrobial pathogens (Shahnaz & Mohammed, 
2013), anticancer (Bhagat et al., 2012), antioxidant 
(Pal Singh et al., 2012), insecticidal (Isman, 2000), 
nematicidal (Pandey et al., 2000), toxicity and 
repellency (Gusmão et al., 2013) and allelopathic 
properties (Kohli, 1990). With the exception of the 
protective role in gastric ulcer (Al-Sayed & El-Naga, 
2015) and the increasing effects on glucose 
transporter of triterpenes and flavonoids (Wang et al., 
2014), until now nothing is known in relation to the 
role of flavonoids, phenolics and terpenes from this 
plant species and its repellency activity of insects 
with reference to the presence and amount of these 
chemical constituents and its role as chemical defense 
properties (Kessler & Baldwin, 2002; Simmonds, 
2006; Romanelli et al., 2010; Barbehen & Constabel, 
2011; Smith, 2011; Nenaah, 2013). This information 
can serve as an important resource for exploring its 
commercial utilization. With this objective, a study 
was therefore planned to determine the content, 
composition and insect growth inhibitory activities of 
secondary metabolites of E. citriodora. 
In the present study, flavonoids and 
triterpenes isolated from the leaves of E. citriodora 
were evaluated as insect growth inhibitors. The 
flavonoids and triterpenes found in this specie have 
previously been isolated from many plant species; 
however, no any insecticidal study has been carried 
out yet (Lamberton, 1964; Horn et al., 1964; Horn & 
Lamberton, 1964; Zapesochnaya et al., 1984; 
Gottlieb et al., 1972; Wollenweber & kohorst, 1981; 
Voirin, 1983; Wollenweber et al., 2000). 
Increasing interest in the application of plant 
secondary metabolites for insect pest management 
(IPM) has led us to search for new environmentally 
friendly but biologically active and biodegradable 
natural products with low mammalian toxicity to 
avoid some of the deleterious effects on the 
environment by synthetic pesticides and the origin of 
resistant strains of insects (Kubo, 1997; Gonzalez & 
Estevez-Braun, 1998; Céspedes et al., 2000; 
Céspedes et al., 2001a; Céspedes et al., 2001b; 
Torres et al., 2003; Céspedes et al., 2004; Cespedes 
et al., 2005; Cespedes et al., 2008). Some previous 
studies are focused on nortriterpenoids (limonoids) 
from the family Meliaceae because of their potent 
effects on insect pests and low toxicity (Kubo & 
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Klocke, 1982a; Kubo & Klocke, 1982b; Champagne 
et al., 1989; Klocke et al., 1989; Carpinella et al., 
2002; Carpinella et al., 2003).  One of such 
compounds discovered for us, gedunin, has proven to 
have excellent insecticidal properties (Céspedes et 
al., 2000; Céspedes et al., 2004). Another 
triterpenoids as sterols with insect growth regulator 
activities are -ecdysone, ajugasterone C, cyasterone 
and other phytoecdysteroids that were discovered by 
Kubo’s group (Kubo et al., 1981; Kubo et al., 1983; 
Kubo & Klocke, 1983; Kubo et al., 1987; Zhang et 
al., 1992). 
The plant species under study in this work 
showed be very rich in flavonoid and triterpenoid 
composition. Flavonoids and terpenes have an 
important biological function as key compounds in 
the acquirement of cholesterol by insects (Simmonds, 
2006). On the other hand, mammals obtain 
cholesterol either by dietary absorption or by 
biosynthesis from mevalonate. Since insects have no 
capacity for de novo sterol synthesis, they obtain 
sterols exclusively from exogenous sources for their 
growth, development, and reproduction. Many 
phytophagous and omnivorous insects satisfy their 
cholesterol requirements by side chain dealkylation 
of C-24 alkyl group of dietary C28 and C29 
phytosterols (nortriterpenoids) (Svoboda & 
Feldlaufer, 1991; Ikekawa et al., 1993).  
Researchs on the sites and mechanisms of 
action of allelochemicals responsible for insecticidal 
or insect growth regulation (IGR) activities indicate 
that many phenolic and terpenoid compounds are 
involved.  These substances are important enzymatic 
and metabolic inhibitors (Kubo & Klocke, 1983; 
Klocke et al., 1989; Hammond & Kubo, 1999; Kubo 
& Kinst-Hori, 1999; Kubo et al., 2000; Céspedes et 
al., 2000; Céspedes et al., 2001a; Calderón et al., 
2001; Panzuto et al., 2002; Kubo et al., 2003a; Kubo 
et al., 2003b; Barbehenn & Constabel, 2011). In 
addition, many metabolites of angiosperms have 
antifeedant effects on phytophagous insects (Feeny, 
1968; Feeny, 1976; Rhoades & Cates, 1976; Swain, 
1979). Some of them bind to proteins, acting as 
nutritional protein precipitating agents, inhibiting 
insect digestive enzymes (Feng, 1995; Duffey & 
Stout, 1996; Korth & Dixon, 1997; Tamayo et al., 
2000) and thus reducing their digestibility (Feeny, 
1976; Rhoades, 1979). We have previously 
demonstrated that diverse secondary metabolites have 
different sites of action and different molecular 
targets, when they interact with enzymes and 
metamorphosis processes (Céspedes et al., 2000; 
Kubo, 2000; Céspedes et al., 2001a; Céspedes et al., 
2001b; Calderón et al., 2001; Kubo et al., 2003a; 
Kubo et al., 2003b; Torres et al., 2003). 
The aim of this work was to correlate the 
phytochemical composition of E. citriodora with the 
inhibitory behavior on growth and development of 
Spodoptera frugiperda J. E. Smith (Lepidoptera: 
Noctuidae) and Tenebrio molitor L. (Coleoptera: 
Tenebrionidae) as model systems for the study of pest 
insects. Our data indicate also that it is possible to 
correlate some IGR parameters, i.e. physiological 
activities (e.g., delay of pupation and moulting, 
emergence, deformities, etc) with the chemical 
structure and moieties of our compounds; these data 
are important for insect control and IPM studies 
(Klocke & Kubo 1982; Kubo & Klocke, 1982a; 
Berenbaum, 1988; Hedin et al., 1991; Dhadialla et 
al., 1998; Agarwal et al., 2000; Kessler & Baldwin, 
2002). On the other hand, these parameters are 
accepted as indirect measures of other physiological 
processes (Camps, 1988; Céspedes et al., 2000; Kubo 
et al., 2003a; Kubo et al., 2003b; Torres et al., 2003; 
Céspedes et al., 2004; Macias et al., 2007) affected 
by the assayed chemicals. 
The present paper specifically deals with the 
effects against to all growth parameters of fall 
armyworm (FAW) (S. frugiperda) and yellow 
mealworm (T. molitor) of  isolate compounds from 
the ethyl acetate (EA-ext) and n-hexane (Hex-ext) 
extracts of the aerial parts (leaves) of E. citriodora 
[Flavonoids 1, 2, 3, 4, 5, 6 and mixture M1 (1 - 6 + 
unidentified flavonoids) and triterpenes 7, 8, 9 and 
mixture M2 (7 - 9 + unidentified terpenes)]. Aspects 
examined were insecticidal and growth regulatory 
activities, rate of development, time of pupation, 
adult emergence, and deformities in insects at each of 
the stages.  The effects of these substances were 
compared to those of gedunin and to Yucca 
periculosa (Me-Yuc) and Cedrela salvadorensis 
MeOH (Me-Ced) extracts, all known growth 
inhibitors of S. frugiperda (Céspedes et al., 2000; 
Calderón et al., 2001; Torres et al., 2003). 
 
MATERIAL AND METHODS 
Plant materials 
Leaves of Eucalyptus citriodora were collected on 
the mountains slope between Michoacán, Hidalgo 
and Queretaro States, Mexico, during springs from 
years 2003 and 2007. Voucher specimens have been 
deposited in the Herbarium of INIFAP, Uruapan, 
Mexico, 17500/-517, and in the Herbarium of the 
University of Illinois, at Urbana–Champaign, IL, 
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USA (ILL, Voucher DS-10253/54). The samples 
were identified by Prof. David S. Seigler, Ph.D. 
(Emeritus Professor of Plant Biology and Curator of 
the Herbarium of the University of Illinois at Urbana-
Champaign, USA). 
 
Spectral data 
IR spectra were recorded on a 750 spectrometer 
(Nicolet Magna-IR). 
1
H-NMR spectra were recorded 
at 300 and 500 MHz, and 
13
C-NMR spectra at 75 and 
125 MHz, respectively, (Varian VXR-300S and 
VXR-500S spectrometers). Chemical shifts (ppm) are 
relative to (CH3)4Si. CDCl3, MeOD-d4, and acetone-
d6 (Aldrich Chemical Co.) were used as solvents.  
Coupling constants are quoted in Hz.  EIMS data 
were determined on a mass spectrometer at 70 eV 
(JEOL JMS-AX505HA). FABMS were obtained on a 
mass spectrometer operated with an acceleration 
voltage of 10 kV (JEOL JMS-SX102A). Samples 
were desorbed from a nitrobenzyl alcohol matrix 
using 6 keV Xenon atoms. UV spectra of pure 
compounds were determined on a Shimadzu UV-160 
instrument. Optical rotation was measured on a 
spectropolarimeter (JASCO DIP-360). Melting points 
were obtained on a Fisher-Johns hot-plate apparatus 
and remain uncorrected.  
 
Chemicals and Solvents 
All reagents used were analytical or chromatographic 
grade.  Methanol, CH2Cl2, CHCl3, KCl, CuSO4, 
NH4Cl, MgCl2, silica gel GF254 analytical 
chromatoplates, silica gel grade 60, (70-230, 60 Aº) 
for column chromatography, n-hexane, and ethyl 
acetate were purchased from Merck-Mexico, S.A., 
Mexico. Column chromatography was also carried 
out on Silica Gel G (Merck, Darmstadt, Germany). 
 
Extraction, Isolation of flavonoids and triterpenes 
Dried and ground leaves (18.5 kg) of E. citriodora 
was processed, extracted, and purified. This sample 
was extracted with MeOH and then was concentrated 
under vacuum; this extract was partitioned 
throughout water/methanol (1:1) with n-hexane, 
CH2Cl2 and ethyl acetate partition, obtaining four 
extracts. These extracts were used for preliminary 
bioassay evaluation. The most active extract of each 
of the samples were Hex and EA extracts, which 
were tested for insecticidal activity and then 
submitted to CC using Si-gel (G 60, Merck) as solid 
phase. Column chromatography elution of both 
extracts (EA and Hex) was carried out with different 
solvent systems (hexane: ethyl acetate: methanol; 
mixtures) afforded mixtures of active fractions M1 
and M2, respectively, that were analyzed by TLC and 
insecticidal assay (Céspedes et al., 2004). Repeated 
TLC of these fractions (M1 and M2) led to the 
isolation of the secondary metabolites which were 
purified by prep-TLC. From M2 (from Hex-ext) were 
isolated and identified ursolic 7, betulinic 8 and 
oleanolic acids 9, together other terpenes that remains 
unidentified. Furthermore, from M1 (from EA-ext) 
were isolated the known flavonoids eucalyptin 1, 
quercetin 2, luteolin 3, chrysin 4, apigenin 5 and 
naringenin 6, together other flavonoids that remains 
unidentified. All these compounds were obtained as 
pure natural products, which were analyzed and 
characterized completely by their Rf and IR, UV, 
1
H 
NMR and 
13
C NMR spectral data, and comparison 
with authentic samples. Additionally, gedunin was 
used as positive control obtained from previous 
works (Cespedes et al., 2000).  
Compounds 1 to 9 were purified in sufficient 
amount to perform the bioassays. Analytical TLC 
was performed on Silica gel 60 F254 E. Merck plates 
and the spots were visualized by spraying with a 10% 
solution of H2SO4, followed by heating at 110 ºC. 
 
Bioassays with fall armyworm (S. frugiperda). 
Larvae used for experiments were obtained from 
culture at the Centro de Investigación en 
Biotecnología at the Universidad Autónoma del 
Estado de Morelos, Cuernavaca, Morelos, México, 
maintained under previously described conditions 
(Aranda et al., 1996; Céspedes et al., 2000; Torres et 
al., 2003). An artificial diet containing 800 mL of 
sterile water, 10.0 g of agar, 50.0 g of soy meal, 96.0 
g of corn meal, 40.0 g of yeast extract, 4.0 g of wheat 
germ, 2.0 g of sorbic acid, 2.0 g of choline chloride, 
4.0 g of ascorbic acid, 2.5 g of p-hydroxybenzoic acid 
methyl ester, 7.0 ml of Wesson salt mixture, 15.0 ml 
of Vanderzant vitamin mixture for insects, 2.5 ml of 
formaldehyde, 0.1 unit of streptomycin, 5.0 g of 
aureomycin, and 20.0 g of milled ear of corn grain 
(for 1 kg of diet) were used for the bioassay, which 
was prepared by the procedure described earlier 
(Mihm, 1987). 24-Well polystyrene multidishes were 
filled with the liquid diet, and then left for twenty 
minutes at room temperature under sterile conditions.  
The 3.4 ml wells, 17 mm in depth x 15 mm in 
diameter with a 1.9 cm
2
 culture area. All test 
compounds were dissolved in 95% ethanol and 
layered on top each well filled with the artificial diet 
using six concentrations (see Table 1) and a control 
(1 ml 95% ethanol), allowing evaporation of solvent.   
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Table 1
a
 
Pupation
b
, emergence
b
 , mortality and LD50 parameters of compounds eucalyptin 1, quercetin 2, luteolin 3, 
chrysin 4, apigenin 5, ursolic acid 7, oleanolic acid 8, betulinic acid 9, mixtures M1, M2, Hex and EtOAc 
extracts from E. citriodora on fall armyworm growth bioassay
a
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. 
a
Mean values of three replicates, taken after to complete life cycle,. The values for growth bioassay 
were from weight only, values taken at 22  1 days before pupation, the criteria followed was to account 
larvae that formed pupae, the larvae that not formed pupae were counted as died larvae. 
b
Values taken after 
complete pupation. The values for 6 were omitted because were irrelevant and this compound not showed 
any effect at all assayed concentrations. Average under a Student-Newman-Keuls (SNK) test at p < 0.05 
(treatments are compared by concentration to control), 95% Confidence limits. 
d  
Percentage with respect to 
control. SP: Survival Pupation = Number of surviving pupae x 100 / Total larvae for pupation. 
e
LD50 = Lethal doses for 50% of death 
 
Hex-ext (10.0-30.0 µg/ml) and EA-ext (1.0-10.0 
µg/ml) were used, as these extracts showed the 
highest inhibitory activity in preliminary trials (data 
not shown).  For each concentration used and for the 
controls, a single S. frugiperda neonate first instar 
larva was placed on the diet mixture in each well for 
Doses Conc. [g/mL] Pupation
c
 
SP [%]
d
 
Mortality (%)
f
 Emergence 
(%)
b
 
LD50 
e 
(g/mL) 
Control 0.0 97.2 7.50 100  
1 5.0 11.1 88.9 0 0.91 
 10.0 0 100 0  
2 2.0 1.4 94.4 0  
 5.0 1.4 94.4 0 0.77 
 10.0 0 100 0  
3 2.0 18.4 81.6 1.4 4.11 
 5.0 0 100 0  
4 2.0 4.0 96.0 0 0.68 
 5.0 0 100 0  
5 5.0 11.0 89 1.4 1.34 
 10.0 1.4 98.6 0  
7 50.0 75.9 24.1 37.9 8.7 
 100.0 18.4 81.6 9.2  
8 50.0 49.0 51.0 18.4 5.3 
 100.0 33.0 67.0 9.4  
9 50.0 1.4 98.5 0 2.0 
 100.0 0 100 0  
M1 10.0 1.4 97.9 0 0.25 
 20.0 0 100 0  
M2 100.0 13.3 86.7 1.4 3.5 
 200.0 0 100 0  
EA ext 20.0 5.6 94.4 0 0.78 
 100.0 0 100 0  
Hex ext. 250.0 12.0 88.5 1.1 9.91 
 500.0 0 100 0  
Gedunin 10.0 46.7 53.3 9.2 9.8 
 25.0 20.0 79.9 1.4  
 50.0 3.4 96.6 0  
MeOH-Yuc 2.0 55.0 45.0 1.4 8.2 
 10.0 42.0 58.0 0  
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7 days, thus each experiment contains 72 larvae in 
total (each plate of 24 wells with three replicates).  
After 7 days, surviving larvae were measured and 
weighed and then transferred to separate vials 
containing fresh stock diet. Larval weight gains and 
mortality were recorded after 23 days of incubation, 
as the pupation average is 23  1 days.   
Other life cycle measurements were recorded, 
such as time to pupation, mortality of larvae and adult 
emergence and deformities. All treatments were 
carried out in a controlled environmental chamber 
with an 18L: 6D photoperiod, at 25 ºC day and 19 ºC 
night temperature regime, and a relative humidity of 
80%  5%. There were three replications for each 
assay. Control assays (24-wells) contained the same 
numbers of larvae, volume of diet, and ethanol as the 
test solutions (Céspedes et al., 2000; Torres et al., 
2003;). 
 
Bioassays with yellow meal worm (T. molitor) 
A stock culture of T. molitor L. (Coleoptera: 
Tenebrionidae) larvae was fed with wheat bran in 
plastic boxes at 24.0  1° C, with a 16:8/L:D 
photoperiod, and these larvae were maintained into a 
chamber under these environmental conditions. 
Bioassays were performed with last instar larvae of T. 
molitor based on live weight (103-160 mg). Serial 
dilutions over the range of (0.5-2.0) g/larva of each 
test material were prepared using test solutions 
Me2CO/MeOH (9.5:0.5 v/v) were topically applied to 
ventral abdominal segments with a microsyringe. 
Aliquots, each of 2 L/larva of tested sample were 
applied; equivalent to 2.0 g/larva of the assayed 
compounds for each one of concentrations used. 
Controls were treated with the solvent alone. All 
treatments were set up in three replicates of 20 larvae 
each along with control sets. After treatment insects 
were placed in Petri dishes (5 cm diameter), with 3g 
of sterilized wheat bran, a moistened cotton for 
preserve humidity and held at 24.0  1° C with 16:8 
(L:D) photoperiod. The number of larvae that 
successfully pupated, as well as the duration of the 
pupal stage (in days) were recorded every 24 h for 30 
days (end-point of the experiment). 
 
Acute toxicity 
Acute toxicity was determined by topical application 
and oral injection of compounds to larvae of the last 
stage (fifth instar) of S. frugiperda and T. molitor, 
respectively. The larvae were iced to stop their 
movement and treated on their abdomens and mouths 
with each of the test compounds, at concentrations of 
1.0 - 20.0 µg/ml, for both insect species. The solvent 
used was acetone (10.5 l) which was administered 
with a microsyringe Hamilton of 25 l.  The control 
was only treated with 10.5 l of acetone.  After 24 h, 
survivals were recorded. Ten larvae were used for 
each concentration, respectively (Calderón et al., 
2001; Torres et al., 2003). 
 
Relative growth index and growth index. 
The relative growth index (RGI) and growth index 
(GI) were calculated according to Zhang et al. 1993.   
 
Statistical Analyses 
Data shown in figures and tables are average results 
obtained by means of three replicates and 
independent experiments and are presented as 
average  standard errors of the mean (SEM).  Data 
were subjected to analysis of variance (ANOVA) 
with significant differences between means identified 
by GLM procedures.  Results are given in the text as 
probability values, with p < 0.05 adopted as the 
criterion of significance. Differences between 
treatment means were established with a Student-
Newman-Keuls (SNK) test. The GI50, RI50 and I50 
values for each activity were calculated by PROBIT 
analysis based on percentage of inhibition obtained at 
each concentration of the samples. I50 is the 
concentration producing 50% inhibition of growth.  
Complete statistical analysis was performed by 
means of the MicroCal Origin 6.1 statistical and 
graphs PC program. 
 
RESULTS AND DISCUSSION 
In our screening program designed to discover 
interesting biological activities from plants, it was 
found that E. citriodora showed insecticidal activity 
in a preliminary trial.  Based on this information, we 
have carried out several studies of the aerial parts of 
E. citriodora. 
From EA-ext was obtained the mixture M1 
that was worked through open column chromate-
graphy yielding the known flavonoids eucalyptin 1, 
quercetin 2, luteolin 3, chrysin 4, apigenin 5, and 
naringenin 6, together with a complex mixture of 
other flavonoids that remains unidentified (Figure 1). 
From the mixture M2 obtained from the Hex-ext of 
the leaves of this plant were identified the triterpenes 
ursolic 7, betulinic 8, and oleanolic 9 acids (Figure 
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2), and the known triterpenes stigmasterol, lupeol, 
friedelin, β-amirin, together with a complex mixture 
of other triterpenes that remains unidentified, the 
chemical structure characterization of triterpenes was 
made by comparison with references spectral data 
and authentic samples and standards, complete NMR 
assignments were in according with those 
previously reported (Lamberton, 1964; Gottlieb et al., 
1972; Voirin, 1983; Zapesochnaya et al., 1984; Peng 
et al., 1998; Wollenweber et al., 2000; Upasani et al., 
2003; Seebacher et al., 2003; Adeyemi et al., 2010; 
Asnaashari et al., 2010; Park et al., 2010) (Figure 1). 
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Figure 1 
Chemical structures of flavonoids isolated from E. citriodora: eucalyptin 1, quercetin 2, luteolin 3, chrysin 4, 
apigenin 5, naringenin 6. 
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Figure 2 
Chemical structures of triterpenes ursolic acid 7, oleanolic acid 8, and betulinic acid 9, -ecdysone 
10 and ajugasterone C  11 
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Table 2 
Acute Toxicity compounds 1-4, 7-9, M1, M2, EA, Hex 
extracts against larval of last stage of S. frugiperda
 a 
 
Compounds Conc [µg/mL] % Survival
 b
 LD50 
c
 
Control 0.0 100.0  
1 1.0 3.2 ± 0.32a 0.27 
 2.0 1.4 ± 0.11b  
 5.0 0  
2 1.0 3.2 ± 0.29a 0.23 
 2.0 1.4 ± 0.10b  
 5.0 0  
3 1.0 27.0 ± 2.44c 0.56 
 2.0 10.5 ± 2.30d  
 5.0 3.92 ± 0.66e  
4 1.0 10.5 ± 1.92d 0.35 
 2.0 1.4 ± 0.12b  
 5.0 0  
5 1.0 35.5 ± 3.92f 0.71 
 2.0 20.1 ± 2.98c  
 5.0 7.9 ± 1.3d  
7 5.0 20.1 ± 3.02c 2.45 
 10.0 10.5 ± 1.29d  
8 1.0 53.1 ± 7.36g 1.39 
 2.0 40.1 ± 4.24f  
 5.0 19.0 ± 2.33c  
 10.0 10.0 ± 1.53d  
9 1.0 75.0 ± 6.54h 3.73 
 2.0 69.1 ± 5.14h  
 5.0 41.9 ± 4.05f  
 10.0 13.9 ± 2.15d  
M1 1.0 6.8 ± 0.99i 0.29 
 2.0 1.4 ± 0.05b  
M2 10.0 10.5 ± 1.33d 3.30 
 20.0 2.8 ± 0.25a  
EA-ext 2.0 3.9 ± 0.59a 0.65 
 10.0 0.0  
Hex-ext 25.0 20.1 ± 3.55c 11.4 
 50.0 3.9 ± 0.22a  
MeOH-Yuc 25.0 5.0 ± 0.29a 8.0 
 50.0 0.0  
Gedunin 25.0 14.1 10.78 
 50.0 0  
a 
After 24 h, survival of adults was recorded (percent relative to controls). 
b 
Mean of three replicates. Means 
followed by the same letter within a column after  standard error values are not significantly different in a 
Student-Newman-Keuls (SNK) test at P < 0.05 (treatments are compared by concentration to control).
 c 
The 
LD50 is the lethal dose producing 50% survival 
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The identified triterpenes, the flavonoids, the 
mixtures M1 and M2, EA-ext and Hex-ext were used 
in the insecticidal bioassays, but for compounds 
whose yield was so small that we cannot study its 
biological activity and only was used for structural 
determination. Additionally, the range of criteria of 
admissibility of concentration in the biological assays 
used was between 1 to 100 µg/mL, those samples 
whose effects were values higher than 100 µg/mL 
were considered out of range and were discarded 
(Isman, 2000; Isman, 2006; Akhtar et al., 2008). 
In order to obtain more satisfactory data for 
insecticidal activity, the bioassay was carried out at 
lower concentrations with compounds 1, 2, 3, 4, 5, 7, 
8 and 9, the EA-ext, Hex-ext, and mixtures M1 and 
M2. Gedunin, Me-Yuc, and Me-Ced extracts were 
used as positive controls.  
 
Insecticidal activity against larvae of S. frugiperda 
First was evaluated the effects of MeOH, n-hexane, 
CH2Cl2 and ethyl acetate extracts on growth and 
development of larvae of first instar of S. frugiperda 
and larvae of last instar of T. molitor, at 
concentrations of 50.0, 100.0, and 300 µg/ml (data 
not showed), being the most active Hex-ext and EA-
ext (activity level lower than 100.0 µg/ml), and these 
extracts were worked in open-column chromato-
graphy. 
The results on S. frugiperda outlined in 
Tables 1 and 2 shown that EA-ext induce a 
significative decreasing in the larval feasibility, in 
similar form Hex-ext produce a decreasing in the 
number of live larvae. At 21 days the number of 
larvae and pupae decrease drastically in all 
treatments, at concentration higher than 10 µg/ml for 
1, 2, 3, 4, 5, 7, 8, 9, and EA-ext and higher than 2.0 
and 20 µg/ml for M1 and M2, respectively. The 
percentage of emergence of adults from the pupae 
was also drastically affected by these substances from 
E. citriodora (compounds, mixtures and extracts) 
completely blocked adult emergence (only emerged 
several with abnormalities), as no viable adults 
emerged from the pupae at this step, included those 
that no complete its ecdysis and sclerotization, and all 
these pupae died at those concentrations. 
At higher concentrations than 10 µg/ml, the 
compounds 1-5, 7-9, mixtures M1, M2, Hex-ext and 
EA-ext showed toxic effect on this insect larvae, in 
experiments carried out against larvae of the first 
instar of S. frugiperda, during the first 7 days, the 
insecticidal effects of these extracts were almost 
100% lethal (outlined in Table 1 and 2). Thus 1, 2, 3, 
4, 5, and the mixture M1 produced significant larval 
mortalities (> 90%, at 10.0 µg/ml), whereas the 
triterpenes 7, 8, 9 and M2 produced larval mortality at 
concentrations higher than 10.0 µg/ml.  Thus, 1-5, 9, 
M1 and M2, EA-ext exhibited 100% larval mortality 
and showed the highest insecticidal activity. It is 
important to point out that 1, 2, 4, M1 and EA-ext 
possessing an LD50 of 0.91, 0.77, 0.68, 0.25, and 0.78 
µg/mL were more active as an insecticide than 
gedunin or either of the two pattern extracts (Me-Ced 
and Me-Yuc) used as positive controls (Table 1). 
 
Insect growth inhibitory activity for S. frugiperda. 
In additional experiments at lower concentrations (< 
1.0 µg/ml), 1-5, 7-9, Hex-ext, EA-ext, and the 
mixtures M1 and M2 specifically inhibited each larval 
growth stage (e.g., growth (up to 75% of length)(data 
not showed). Moreover, 1, 2, 4, M1 and EA-ext 
produced total inhibition (100%) of growing at 21 
days. Interestingly, after 21 days, growth reduction 
by M1 and M2 was clearly significant between 1.0-
2.0 and 2.0-10.0 µg/ml (p < 0.05), but compounds 1, 
2, 4, M1 and EA-ext showed the highest larval growth 
inhibition at the same concentrations. 
The percentage of larvae that reached 
pupation decreased drastically with almost all 
compounds, mixtures and extracts tested in 
comparison to the controls (except 6). Thus, 1 (5.0 
µg/ml, 11.1%), 2 (2.0 µg/ml, 1.4%), 3 (2.0 µg/ml, 
18.4%), 4 (2.0 µg/ml, 4.0%), 5 (5.0 µg/ml, 11.0%), 9 
(50.0 µg/ml, 1.4%), Hex-ext (250.0 µg/ml, 12.0%), 
gedunin (10 ppm 46.7%), Me-Yuc (10 ppm, 42.0%) 
all showed significant delay of pupation, (Table 1).  
At 10.0, 25.0, 10.0 µg/ml no larvae survived to 
pupation with M1, M2, and EA-ext, respectively (data 
not showed). Thus, outstandingly were observed 
many delays in time to pupation ( 24 days) at 10.0 
µg/ml for 1-5, M1 (2.0 µg/ml) and M2 (5.0 µg/ml) 
(data not showed).  Furthermore, 1, 2, 3, 4, M1 and 
EA-ext between 0.2 and 1.0 µg/ml significantly 
reduced pupal weights, whereas M2, 7, 8, 9 and Hex-
ext produced the greatest effect on pupal weights 
between 5.0 – 20.0 µg/ml (data not showed), whereas 
Me-Ced and Me-Yuc extracts produced greatest 
effect on pupal weights at 10.0 ppm, as previously 
reported (Céspedes et al., 2000; Torres et al., 2003). 
The percentage of emergence of adults from 
the pupae was also drastically affected by these 
substances and showed strongest reductions.
Salazar et al. Insecticidal effects of Eucalyptus citriodora  
 
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/413 
 
Table 3 
GI and RGI of S. frugiperda as a function of increased concentrations of compounds 1, 2, 3, 5, 7, 8, 9,  
mixtures M1 and M2, EA, and Hex extracts from E. citriodora
a
 
Compounds Concentration 
(ppm) 
GI
b
 RGI
c
 
Control  0.95 1.0 
1 0.5 0.79 0.83 
 1.0 0.69 0.73 
 2.0 0.28 0.29 
 5.0 0.07 0.07 
 10.0 0.04 0.04 
2 0.5 0.93 0.98 
 1.0 0.916 0.96 
 2.0 0.28 0.29 
 5.0 0.174 0.175 
 10.0 0.027 0.029 
3 1.0 0.95 1.0 
 2.0 0.83 0.87 
 5.0 0.55 0.58 
4 1.0 0.28 0.29 
 2.0 0.07 0.07 
 5.0 0.00 0.00 
5 1.0 0.93 0.98 
 2.0 0.88 0.93 
 5.0 0.87 0.92 
 10.0 0.69 0.73 
7 5.0 0.95 1.0 
 10.0 0.94 0.99 
8 1.0 0.93 0.98 
 2.0 0.92 0.96 
 5.0 0.55 0.58 
 10.0 0.28 0.29 
9 1.0 0.83 0.87 
 2.0 0.55 0.58 
 5.0 0.28 0.29 
 10.0 0.07 0.07 
M2 5.0 0.86 0.90 
 10.0 0.79 0.83 
 20.0 0.69 0.73 
 35.0 0.28 0.29 
M1 0.5 0.93 0.98 
 1.0 0.55 0.58 
 2.0 0.28 0.29 
 5.0 0.07 0.07 
 10.0 0.00 0.00 
EA-ext 2.0 0.83 0.87 
 5.0 0.69 0.73 
 10.0 0.00 0.00 
Hex-ext 25.0 0.33 0.35 
 50.0 0.00 0.00 
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MeOH-Yuc 2.0 0.83 0.87 
 10.0 0.27 0.28 
MeOH-Ced  25.0 0.79 0.83 
 50.0 0.69 0.73 
 300.0 0.41 0.44 
a  
Mean of three replicates. 
b
 (GI = Growth Index = Number of surviving larvae / Total larvae used.   
RGI = GI treated / GI control).   
c  
RGItreatment = GItreated / GIcontrol. 
 
The analysis of the effects on insect fed 
with substances from E. citriodora revealed a 
developmental and growth disruption in which 
the insects died in the range of concentration 
used (0.5 to 25.0 µg/ml), during the pharate 
conditions following initiation of molting 
(apolysis), but before completion of molting 
(ecdysis).   
During a molt, ecdysteroid levels first rise 
to stimulate onset of apolysis and cuticle 
synthesis, but then must fall to facilitate the 
release of eclosion hormone (Truman et al., 
1983) and the ecdysis-triggering hormone (ETH) 
(Zitnan et al., 1996; Zitnan et al., 1999), which 
act in concert to trigger the insect’s ecdysis 
behavior during the final stages of the molt. 
Possibly as sterols, the flavonoids and triterpenes 
here reported act via ecdysteroids effects to 
result in an inhibition of emergence behavior, or 
may, alternatively, act directly to inhibit the 
release of ETH (Hesterlee & Morton, 1996).   
 
Growth inhibition and relative growth index for 
S. frugiperda 
At the lowest concentrations the pupae that 
emerged show many deformities. Thus, in all 
treatments, the average time to reach the mean 
weight of the adult stage relative to control 
larvae was significantly delayed.  The growth 
index (GI or number of surviving larvae / total 
larvae used) and relative growth index (RGI or 
GItreated /GIcontrol) showed (Table 3) that the 
strongest effects were shown at 35.0 µg/ml by 
M2 (RGI 0.29), at 25.0 µg/ml by Hex-ext (RGI 
0.35), 10.0 µg/ml by 1 (RGI 0.04), 2 (RGI 
0.029), 5 (RGI 0.69), 7 (RGI 0.99), 8 (RGI 0.29), 
9 (RGI 0.07), at 5.0 µg/ml by 3 (RGI 0.58), M1 
(RGI 0.07), EA-ext (RGI 0.73) and at 2.0 µg/ml 
by 4 (RGI 0.07).  These parameters together with 
the LD50 (the lethal dose producing 50% of dead) 
values (Tables 1 and 2), corroborated the highest 
effect that was showed by 1 (0.91 µg/ml), 2 (0.77 
µg/ml), 4 (0.68 µg/ml), M1 (0.25 µg/ml) and EA-
ext (0.78 µg/ml), as these substances produced 
the greatest insecticidal effects. 
It is important to note that similar insect 
growth regulatory effects on S. frugiperda (fall 
armyworm) was showed by phytoecdysteroids 
from Ajuga remota (Labiatae) (Kubo et al., 
1981), and on two polyphagous species (S. 
littoralis and Ostrinia nubilalis) and a mono-
phagous (Bombyx mori) (Marion-Poll & 
Descoins, 2002). 
Although there are a disparate literature 
about biological activities (anti-inflammatory, 
antioxidant and antimicrobial) of 
phytoecdysteroids that have previously been 
reported (Simon & Koolman, 1989; Sláma & 
Lafont, 1995; Schmelz et al., 1999; Saez et al., 
2000; Savchenko et al., 2000; Dinan et al., 
2001), there are no reports for insecticidal 
activity of these sterols. On the other hand, there 
are reports about the effects on growth and 
inhibitory effects, on Cyt-P450, glutathione 
transferase (GSTs) and carboxyesterases (COE) 
at short- and long-term (Zhang et al., 2012) by 
flavonols, and the effects on growth (Asnaashari 
et al., 2010), insecticidal (Adeyemi et al., 2010), 
and as insect growth regulator (Upasani et al., 
2003; Simmonds, 2006; Cespedes et al., 2006; 
Nenaah et al., 2013) by flavonols and 
phenylethanoids. 
 
Insect growth inhibitory activity for T. molitor 
In relation to T. molitor (see Table 4), the EA-
extract cause a decrease in the number of larvae 
that to reach the pupation (15%), while the M1 
have this same action but at minor concentration 
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(10%). However, as well as Hex-ext, M2, 7, 8 
and 9 showed an acceleration and shortening of 
the time of pupation and emergence on this 
insect species, respectively, and many of the 
pupae were not viable and died (Table 4). Thus, 
at lower levels (1.0 µg/ml), 1 (5.0% survival), 2 
(3%), 3 (10%), 4 (0%) and 5 (12%) exhibited 
potent emergence toxicity on larvae and pupae of 
T. molitor. 
Table 4 
Growth Inhibitory Activities on T. molitor as a function of increased concentrations  
of compounds 1, 2, M2, and MeOH extract from E. citriodora
a
 
Samples [µg/ml]
Doses 
successfully 
pupation % 
c
 
Emergence %
 d
 
Control  98.0 ± 1.55a 95 ± 0.93a 
1 1.0 5.0 ± 0.03b 5.0 ± 0.021b 
 2.0 0 0 
 5.0 0 0 
 10.0 0 0 
2 1.0 3.0 ± 0.01c 3.0 ± 0.01c 
 2.0 0 0 
 5.0 0 0 
 10.0 0 0 
3 5.0 10.0 ± 1.5c 10.0 ± 1.5c 
 10.0 5.0 ± 0.03b 5.0 ± 0.03b 
4 1.0 0 0 
 2.0 0 0 
5 1.0 12.0 ± 1.67c 12.0 ± 1.67c 
 2.0 5.0 ± 0.03b 5.0 ± 0.03b 
7 5.0 0 0 
 10.0 0 0 
 20.0 0 0 
8 5.0 5.0 ± 0.03b 5.0* ± 0.03b 
 10.0 5.0 ± 0.08b 5.0 ± 0.08b 
 20.0 0 0 
9 5.0 0 0 
 10.0 3.0 ± 0.01c 3.0 ± 0.01c 
 20.0 0 0 
M1 1.0 0 0 
 2.0 0 0 
M2 5.0 5.0 ± 0.03b 5.0 ± 0.03b 
 10.0 3.0 ± 0.01c 3.0 ± 0.01c 
 20.0 0 0 
EA-ext 1.0 0 0 
 2.0 0 0 
Hex-ext 20.0 5.0 ± 0.03b 5.0*± 0.03b 
 30.0 0 0 
a
20 larvae by assay and by triplicate, larvae of last stage, topical application.  
b 
Average duration, the criteria used was to measure until emergence of survival pupae, n.d. meaning 
correspond to pupae that not produce any adult. Means followed by the same letter within a column after  
standard error values are not significantly different in a Student-Newman-Keuls (SNK) test at p < 0.05 
(treatments are compared by concentration to control), 95% Confidence limits. 
c 
Percentage with respect to control. 
d 
The asterisk indicate adults with deformities. 
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By other hand, in addition to the time of 
duration of pupal stage that was shorted for those 
pupae that attained emerged, many pupae did not 
emerged and that effect was observed to 20.0 µg/ml 
for 8, 9 and M2, respectively and that effect was 
observed from 5.0 µg/ml for 7 (Table 4). 
These results suggest that these compounds 
and mixtures have some effect on ecdysone receptors 
(Dinan, 2001). Additionally, it is possible to infer that 
Hex-ext and M2 accelerate the time of pupation of 
this insect (data not show). This extract contain a 
high percentage of triterpenes and sterols (> 30%) 
and not show a similar activity to M1. However, this 
extract showed an acute toxicity on larvae of this 
insect in function of the number of larvae that to 
reach the pupal stage. Noteworthy our compounds, 
mixtures and extracts showed be more potent than 
stigmasterol, sitosterol, cholesterol and their epoxy, 
hydroxyl and chloride derivatives, reported 
previously by Meyer (Meyer et al., 1998), and on 
other sterols (Miles et al., 1994; Quiroz et al., 2015). 
 
Acute toxicity on larvae of last stage of S. 
frugiperda and T. molitor.  
In order to determine a possible correlation between 
insect growth regulatory (IGR) and acute toxicity 
with ecdysis properties of these compounds, oral 
injection into ten instar of S. frugiperda with 2.5 
µg/ml of flavonoid samples and 5.0 µg/ml of terpene 
samples were made, these concentrations were used 
due to are those that promoted apolysis to the fifth 
instar but inhibited ecdysis, while oral injection of 2.5 
µg/ml of M2 resulted in only a delay in a normal molt 
to the fifth instar (Table 2). Doubling the oral dose to 
5.0 and 10.0 ppm of both flavonoids and triterpenes, 
respectively, after 48 and 72 h they induced 
prothetely in several (30%) of the treated fifth instar 
larvae as they molted directly to pupae. M1 and M2-
induced prothetely resulted in pupae roughly half of 
control and browning (data not showed). 
The same bioassay was carried out on last 
instar larvae of T. molitor. At 10 µg/ml, 1-5, 7-9, and 
mixtures M1 and M2, and the EA-ext and Hex-ext 
showed strong acute toxicity with 12.5, 25.0, 35.0 
and 10% survival, respectively (data not showed). On 
other hand all assayed samples at higher levels (30.0 
µg/ml), exhibited potent acute toxicity on larvae of T. 
molitor (data not showed).  
These observations suggest that acute toxicity 
and growth inhibition may be due to inhibition of 
proteinase, ETH and other polyphenol oxidases 
(PPO) binding with these compounds, as this target 
was demonstrated for other samples from natural 
origin (Kubo et al., 1986; Carrizo et al., 1998; 
Tamayo et al., 2000; Karban & Baxter, 2001). 
 The sites and mode of action of these 
compounds and extracts are being investigated and 
probably correspond to a combination of antifeedant 
action, as well as midgut phenol oxidase, proteinase, 
ETH, tyrosinase or other PPOs and cuticle synthesis 
inhibition, as well, and resultant moulting 
sclerotization toxicity, as has been found for other 
similar compounds  (Kubo & Kinst-Hori, 1999; Kubo 
et al., 2000; Kubo, 2000, Kubo et al., 2003a; Kubo et 
al., 2003b, Taibi et al., 2003; Berghiche et al., 2003) 
and extracts (Feng et al., 1995). 
 
CONCLUDING REMARKS 
Based on these results, we suggest that the insect 
growth inhibition caused by mixtures of flavonols 
and triterpenes assayed could due to a strong 
inhibitory activity produced by a synergistic effect in 
the mixture composition as in M1 and M2. These 
plant compounds may be considered as efficient 
insect growth regulators (IGR) as well as possible 
phytoecdysteroids, as was evidenced by their 
significant inhibition of molting or apolysis. 
The flavonols, triterpenes, Hex-ext, EA-ext 
and the mixtures M1 and M2 had all potent 
insecticidal and growth inhibitory activities.  Then, is 
possible to infer that the position of the hydroxyl 
group to the flavonols and C-methyl-flavonol as in 
compound 1 results in significant inhibitory activity 
and therefore this moiety must play an important role 
in both the insecticidal and IGR activities of these 
compounds.  
The active triterpenes 7, 8, and 9 contained 
relatively lipophilic group at C-4 and C-20, hydroxyl 
groups at C-3, a carboxylic group at C-28 and (8 and 
9) a double bond between C-12 and C-13 (13)(endo 
position). On the other hand, -ecdysone (20-
hydroxyecdysone) (20E) 10 and ajugasterone C 11 
that have these moieties (functions) between C-7 and 
C-8 (7) and at C-6 there is a carbonyl (--
congujate) group. These features show a relative 
good potency of our compounds that in comparison 
with 10 and 11 show a similar behavior but at higher 
concentrations than 10 and 11 (Kubo & Klocke, 
1983). These results confirm previous findings on 
structure activity relationships for 20-E and 
derivatives, namely that the growth inhibitory activity 
of the respective natural product depends on the 
number of hydroxyl groups and the presence of a 
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moderated bulky group at C-17. In comparison to the 
previous empirically derived SAR studies that it is 
not clear that the cis-A/B-ring junction, the 13-
double bond, the 17-carboxy group, the 3-hydroxy 
and methyl group at C-4, C-19 and C-20 (as in our 
case) moieties do seem increase the activity, these 
features need more and deep investigation (Dinan, 
2001; Cespedes et al., 2005; Cespedes et al., 2008; 
Muñoz et al., 2013). 
Thus, the effect of compounds 1-5, 7-9, and 
mixtures M1 and M2 on reducing insect growth, 
increasing/shortening of development time, apolysis 
ecdysis, molting and mortality of S. frugiperda and T. 
molitor were stronger than gedunin, MeOH-Yuc and 
MeOH extract from Cedrela salvadorensis 
(Meliaceae) (Céspedes et al., 2000; Calderón et al., 
2001). 
Although chemically distinct, the levels of 
insecticidal activities of these metabolites and 
mixtures derived from the plant in study are 
comparable to that of the known insect growth 
regulator, gedunin.  Based on the present 
investigations, materials from E. citriodora and 
related species should prove to be valuable sources of 
interesting biologically active compounds, including 
insecticides. 
 
ACKNOWLEDGMENTS 
This work was partially supported by grants 
IN243802-2 and IN211105-3, from DGAPA-UNAM.  
The authors wish to thank Mr. Francisco Ramos for 
botanical identification of the plant (Instituto de 
Biología, UNAM), Blanca Serrato-Barajas (INIFAP-
Uruapan, Michoacan, Mexico) for phytochemical 
performance and Laura Lina (UAEM, Cuernavaca, 
Morelos, Mexico) for technical assistance in the 
insect bioassay.  We are indebted to Ma. de los 
Angeles Peña, Rocío Patiño, Luis Velasco and Javier 
Pérez for technical assistance with spectroscopic and 
NMR experiments, Instituto de Química, UNAM. 
 
REFERENCES 
Adeyemi MM, Adebote JO, Amupitan JO, Oyewale 
AO, Agbaji AS. 2010. Antifeedant activity of 
quercetin isolated from the stem bark of 
Bobgunnia madagascariensis (Desv.) J.H. 
Kirkbr & Wiersema (Caesalpinaceae). Aust 
Basic Appl Sci 4: 3342 - 3346. 
Agarwal SK, Sushma V, Singh SS, Tripathi AK, 
Khan ZK, Sushil K. 2000. Antifeedant and 
antifungal activity of chromene compounds 
isolated from Blepharispermum subsessile. J 
Ethnopharmacol 71: 231 - 234. 
Akhtar Y, Yeoung YR, Isman MB. 2008. 
Comparative bioactivity of selected extracts 
from Meliaceae and some commercial 
botanical insecticides against two noctuid 
caterpillars, Trichoplusia ni and Pseudaletia 
unipuncta. Phytochem Rev 7: 77 - 88. 
Al-Sayed E, El-Naga RN. 2015. Protective role of 
ellagitannins from Eucalyptus citriodora 
against ethanol-induced gastric ulcer in rats: 
Impact on oxidative stress, inflammation and 
calcitonin-gene related peptide. 
Phytomedicine 22: 5 - 15. 
Aranda E, Sánchez J, Peferoen M, Guereca L, Bravo 
A. 1996. Interactions of Bacillus 
thuringiensis cristal proteins with the midgut 
epithelial cells of Spodoptera frugiperda 
(Lepidoptera: Noctuidae). J Invert Pathol 
68: 203 - 212. 
Asnaashari S, Delazar A, Alipour SS, Nahar L, 
Williams AS, Pasdaran A, Mojarab M, Fatih-
Azad F, Sarker SD, 2010. Chemical 
composition, free-radical-scavenging and 
insecticidal activities of the aerial parts of 
Stachys byzantina. Arch Biol Sci 62: 653 - 
662. 
Bhagat M, Sharma V, Kumar-Saxena A. 2012. Anti-
proliferative effect of leaf extracts of 
Eucalyptus citriodora against human cancer 
cells in vitro and in vivo. Ind J Biochem 
Biophys 49: 451 - 457. 
Barbehenn RV, Constabel P. 2011. Tannins in plant-
herbivore interaction. Phytochemistry 72: 
1551 - 1565. 
Berenbaum M. 1988. Allelochemicals in insect-
microbe-plant interactions: Agents 
provocateurs in the coevolutionary arms 
race. In Barbosa P, Letorneau DK Eds. 
Novel Aspects of insect-plant interactions. 
John wiley & Sons, New York, USA. 
Berghiche H, Smagghe G, Soltani N. 2003. In vitro 
effects of RH-0345 and KK-42 on 
ecdysteroids level and cuticle synthesis by 
pupal integument of mealworms. Commun 
Agric Appl Biol Sci 68: 43 - 48. 
Brooker MIH, Kleinig DA. 2004. Field guide to 
Eucalyptus Vol. 3. Northern Australia. 
Blooming Books, Victoria, Australia.  
Carpinella MC, Ferrayoli GC, Valladares G, Defagó 
M, Palacios S. 2002. Potent insect antifeedant 
Salazar et al. Insecticidal effects of Eucalyptus citriodora  
 
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/418 
 
limonoid from Melia azedarach. Biosc 
Biotechnol Biochem 66: 1731 - 1736. 
Carpinella MC, Defagó M, Valladares G, Palacios S. 
2003. Antifeedant and insecticidal properties 
of a limonoid from Melia azedarach 
(Meliaceae) with potential use for pest 
management. J Agric Food Chem 51: 369 - 
374. 
Calderón JS, Céspedes CL, Rosas R, Gómez-Garibay 
F, Salazar JR, Lina L, Aranda E, Kubo I. 
2001. Acetylcholinesterase and insect growth 
inhibitory activities of Gutierrezia 
microcephala on fall armyworm Spodoptera 
frugiperda J. E. Smith.  Z Naturforschung 
56c: 382 - 394. 
Camps FM. 1988. Relaciones Planta-Insecto: 
Insecticidas de origen vegetal. In: 
Insecticidas Bioracionales, Bellés X., Eds.  
CSIC: Madrid, España. 
Carrizo FR, Sosa ME, Favier LS, Penna F, Guerreiro 
E, Giordano OS, Tonn CE. 1998. Growth 
inhibitory activities of benzofuran and 
chromene derivatives toward Tenebrio 
molitor. J Nat Prod 61: 1209 - 1211. 
Céspedes CL, Calderón JS, Lina L, Aranda E. 2000. 
Growth inhibitory effects on fall armyworm 
Spodoptera frugiperda of some limonoids 
isolated from Cedrela spp. (Meliaceae). J 
Agric Food Chem 48: 1903 - 1908. 
Céspedes CL, Alarcón J, Aranda E, Becerra J, Silva 
M. 2001a. Insect growth regulatory and 
insecticidal activity of -dihydroagarofurans 
from Maytenus spp. (Celastraceae). Z 
Naturforsch 56c: 603 - 613. 
Céspedes CL, Martínez-Vázquez M, Calderón JS, 
Salazar JR, Aranda E. 2001b. Insect growth 
regulatory activity of some extracts and 
compounds from Parthenium argentatum on 
fall armyworm Spodoptera frugiperda. Z 
Naturforsch 56c: 95 - 105. 
Céspedes CL, Torres P, Marín JC, Arciniegas A, 
Perez-Castorena AL, Romo de Vivar A, 
Aranda E. 2004. Insect growth inhibition by 
tocotrienols and hydroquinones from 
Roldana barba-johannis (Asteraceae). 
Phytochemistry  65: 1963 - 1975. 
Cespedes CL, Salazar JR, Martinez M, Aranda E. 
2005. Insect growth regulatory effects of 
some extracts and sterols from Myrtillocactus 
geometrizans (Cactaceae) against Spodoptera 
frugiperda and Tenebrio molitor. 
Phytochemistry 66: 2481 - 2493. 
Cespedes CL, Alarcon J, Aguila S, Torres P, 
Aqueveque P, Becerra J, Silva M. 2008. 
Antifeedant and insect growth regulatory 
activities of methanolic extracts from Chilean 
Podocarpaceae. Biopestic Int 4: 35 - 51. 
Cespedes CL, Avila JG, Marin JC, Dominguez M, 
Torres P, Aranda E. 2006. Natural 
compounds as antioxidant and molting 
inhibitors can play a role as a model for 
search of new botanical pesticides. In: Rai 
M, Carpinella MC. (Eds.), Naturally 
Occurring Bioactive Compounds. Advances 
in Phytomedicine Series, vol. 3. Elsevier, The 
Netherlands. 
Champagne DE, Isman MB, Towers GHN. 1989. 
Insecticidal activity of phytochemicals and 
extracts of the Meliaceae. In: Arnason JT, 
Philogene BJR, Morand P. (Eds.), 
Insecticides of Plant Origin, ACS 
Symposium Series.  
Dhadialla TS, Carlson GR, Le DP. 1998. New 
Insecticides with Ecdysteroidal and juvenile 
hormone activity. Annu Rev Entomol 43: 
545 - 569. 
Dinan L. 2001. Phytoecdysteroids: biological aspects. 
Phytochemistry 57: 325 - 339. 
Dinan L, Savchenko T, Whiting P. 2001. On the 
distribution of phytoecdysteroids in plants. 
Cell Mol Life Sci (Switzerland) 58: 1121 - 
1132. 
Duffey SS, Stout MJ. 1996. Antinutritive and toxic 
components of plant defense against insects. 
Arch Insect Biochem 32: 3 - 37. 
FAO (Food and Agricultural Organization). 2001. 
Global Forests Resources Asessment 2000 
main report. FAO forestry paper 140. Food 
and Agricultural Organization, Rome, Italy. 
Feeny PP. 1968. Effectof oak leaf tannins on larval 
 growth of the winter moth Operophtera 
 brumata. J. Insect Physiol 14: 805 - 817. 
 Feeny PP. 1976. Plant apparency and chemical 
defense. In: Biochemical Interactions 
between Plants and Insects. Wallace JW, 
Mansell RL Eds., Plenum Press, New York, 
USA.  
Feng RY, Chen WK, Isman MB. 1995. Synergism of 
malathion and inhibition of midgut esterase 
activities by an extract from Melia toosendan 
(Meliaceae). Pestic Biochem Physiol 53: 34 
- 41. 
González JA, Estevez-Braun A. 1998. Effect of  E-
chalcone on potato-cyst nematodes 
Salazar et al. Insecticidal effects of Eucalyptus citriodora  
 
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/419 
 
(Globodera pallida and G. rostochiensis). J 
Agric Food  Chem 46: 1163 - 1165. 
Gottlieb OR, Leão da Silva M, Maia JGS. 1972. 
Chemistry of Brazilian Myrtaceae. III 
eucalyptin from Eugenia and Myrcia species. 
Phytochemistry 111: 1185.  
Gusmão NMS, de Oliveira JV, Navarro DM, Dutra 
KA, da Silva WA, Wanderley MJA. 2013. 
Contact and fumigant toxicity and repellency 
of Eucalyptus citriodora Hook., Eucalyptus 
staigeriana F., Cymbopogon winterianus 
Jowitt and Foeniculum vulgare Mill. essential 
oils in the management of Callosobruchus 
maculatus (FABR.) (Coleoptera: 
Chrysomelidae, Bruchinae) J Stored Prod 
Res 54: 41 - 47. 
Hammond DG, Kubo I. 1999. Structure-activity 
relationship of alkanols as mosquito 
larvicides with novel findings regarding their 
mode of action. Bioorg Med Chem 7: 271 - 
278. 
Hedin PA, Parrott WL, Jenkins JN. 1991.  Effects of 
cotton plant allelochemicals and nutrients on 
behaviour and development of tobacco 
budworm. J Chem Ecol 17: 1107 - 1121. 
Hesterlee S, Morton DB. 1996. Insect physiology: 
The emerging story of ecdysis. Curr Biol 6: 
648 - 650.   
Horn DHS, Lamberton JA. 1963. Nuclear Magnetic 
Resonance (NMR) study of a new flavonoid. 
Chemistry & Industry 691 - 692. 
Horn DHS, Kranz ZH, Lamberton JA. 1964. 
Composition of Eucalyptus and some other 
leaf waxes. Aust J Chem 17: 464 - 476. 
Ikekawa N, Morisaki M, Fujimoto Y. 1993. Sterol 
metabolism in insects: dealkylation of 
phytosterol to cholesterol. Acc Chem Res 
26: 139 - 146. 
Imatomi M, Novaes P, Matos AP, Gualtieri SCJ, 
Molinillo JMG, Lacret R, Varela RM, Macias 
FA. 2013. Phytotoxic effect of bioactive 
compounds isolated from Myrcia tomentosa 
(Myrtaceae) leaves. Biochem Syst Ecol 46: 
29 - 35. 
Isman MB, 2000. Plant essential oil for pest and 
disease management. Crop Protection 19: 
603 - 608. 
Isman MB. 2006. Botanical Insecticides, deterrents, 
and repellents in modern agriculture and an 
increasing regulated world. Annu Rev 
Entomol 51: 45 - 66. 
Karban R, Baxter KJ. 2001. Induced resistance in 
wild tobacco with clipped sage brush 
neighbors: The role of herbivore behavior.  J 
Insect Behav 14: 147 - 156. 
Kessler A, Baldwin IT. 2002. Plant responses to 
insect herbivory:  The emerging molecular 
analysis. Annu Rev Plant Biol 53: 299 - 328. 
Klocke JA, Kubo I. 1982. Citrus limonoids by-
products as insect control agents. Ent  Exp 
Appl 32: 299 - 301.  
Klocke JA, Balandrin MF, Barnby MA, Yamasaki 
RB. 1989. Limonoids, phenolics, and 
furano-coumarins as insect antifeedants, 
repellents and growth inhibitory 
compounds. In: Insecticides of Plant Origin.  
JT Arnason, BJR Philogene, P Morand. Eds. 
ACS Symp. Ser.  
Kohli RK. 1990. Allelopathic Properties of 
Eucalyptus. MAB-DOEn Report. Ministry of 
Environment and Forests, New Delhi, India. 
Korth KL, Dixon RA. 1997. Evidence for chewing 
insect-specific molecular event distinct from 
a general wound response in leaves. Plant 
Physiol 115: 1299 - 1305. 
Kubo I. 2000. Tyrosinase inhibitors from plants. Rev 
Latinoamer Quim 28: 7 - 20. 
Kubo I, Klocke JA, Asano S. 1981. Insect ecdysis 
inhibitors from the East African medicinal 
plant, Ajuga remota (Labiatae). Agric Biol 
Chem 45: 1925 - 1927. 
Kubo I, Klocke JA. 1982a. Azadirachtin, Insect 
ecdysis inhibitor. Agric Biol Chem 46: 1951 
- 1953.  
Kubo I, Klocke JA. 1982b. An insect growth 
inhibitor from Trichilia roka (Meliaceae). 
Experientia 38: 639 - 640. 
Kubo I, Klocke JA, Asano S. 1983. Effects of 
ingested phytoecdysones on the growth and 
development of two lepidopterous larvae. J 
Insect Physiol 29: 307 - 316. 
Kubo I, Klocke JA. 1983. Isolation of 
phytoecdysones as insect ecdysis inhibitors 
and feeding deterrents. In: Hedin PA. (Ed.), 
Plant Resistance to Insects. ACS Symposium 
Series 208, American Chemical Society, 
Washington DC, USA.  
Kubo I, Matsumoto A, Matsumoto T, Klocke JA. 
1986. New insect ecdisis inhibitory limonoid 
deacetylazadirachtinol isolated from 
Azadirachta indica (Meliaceae) oil. 
Tetrahedron 42: 489 - 496. 
Salazar et al. Insecticidal effects of Eucalyptus citriodora  
 
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/420 
 
Kubo I, Komatsu S, Asaka Y, De Boer G. 1987. 
Isolation and identification of apolar 
metabolites of ingested 20-hydroxyecdysone 
in frass of Heliothis virescens larvae. J Chem 
Ecol 13: 785 - 794. 
Kubo I. 1997. Tyrosinase inhibitors from plants. 
In: Hedin P, Hollingworth R, Masler E, 
Miyamoto J, Thompson D. (Eds.), 
Phytochemicals for Pest Control. ACS Symp. 
Series 685; American Chemical Society: 
Washington DC, USA.  
Kubo I, Kinst-Hori I. 1999. Flavonols from saffron 
flowers: Tyrosinase inhibitory activity and 
inhibition mechanism. J Agric Food Chem 
47: 4121 - 4125. 
Kubo I, Kinst-Hori I, Chauduri SK, Kubo Y, Sánchez 
Y, Ogura T. 2000. Flavonols from 
Heterotheca inuloides: Tyrosinase inhibitory 
activity and structural criteria. Bioorg Med 
Chem 8: 1749 - 1755. 
Kubo I, Chen QX, Nihei KI, Calderon JS, Céspedes 
CL. 2003a. Tyrosinase inhibition  kinetics of 
anisic acid.  Z Naturforsch 58c: 713 - 718. 
Kubo I, Kinst-Hori I, Nihei KI, Soria F, Takasaki M, 
Calderón JS, Céspedes CL. 2003b. 
Tyrosinase inhibitors from Galls of Rhus 
javanica leaves and their effects on insects. Z 
Naturforsch 58c: 719 - 725. 
Lamberton JA. 1964. The occurrence of 5-hydroxy-
7,4´-dimethoxy-6-methylflavone in Eucalyp-
tus waxes. Aust J Chem 17: 692 - 696. 
Macias FA, Galindo JLG, Galindo JCG. 2007. 
Evolution and current status of ecological 
phytochemistry. Phytochemistry 68: 2917 - 
2936. 
Marion-Poll F, Descoins C. 2002. Taste detection of 
phytoecdysteroids in larvae of Bombyx mori, 
Spodoptera littoralis and Ostrinia nubilalis. J 
Insect Physiol 48: 467 - 476. 
Meyer W, Jungnickel H, Jandke M, Dettner K, 
Spiteller G. 1998. On the cytotoxity of 
oxidized phytosterols isolated from 
photoautotrophic cell cultures of 
Chenopodium rubrum tested on meal-worms 
Tenebrio molitor. Phytochemistry 47: 789 - 
797. 
Mihm JA. 1987. Mass rearing stem borers, fall 
armyworms and corn earworms at 
CIMMYT. In: Toward Insect Resistant 
Maize for the Third World. Proceedings of 
the International Symposium on 
Methodologies for Developing Host Plant 
Resistance to Maize. CIMMYT-Mexico.  
Miles DH, Tunsuwan K, Chittawong V, Hedin PA, 
Kokpol U. 1994. Boll weevil antifeedants 
from Eleocharis dulcis Trin. J Agric Food 
Chem 42:  1561 - 1562. 
Muñoz E, Escalona D, Salazar JR, Alarcon J, 
Cespedes CL. 2013. Insect growth regulatory 
effects by diterpenes from Calceolaria talcana 
Grau & Ehrhart (Calceolariaceae: 
Scrophulariaceae) against Spodoptera 
frugiperda and Drosophila melanogaster. 
Ind Crops Prod 45: 283 - 292. 
Nenaah GE. 2013. Potential of using flavonoids, latex 
and extracts from Calotropis procera (Ait.) 
as grain protectants against two coleopteran 
pests of stored rice. Ind Crop Prod 45: 327 - 
334. 
Pal Singh H, Kaur S, Negi K, Kumari S, Saini V, 
Batish DR, Kumar-Kohli R. 2012. 
Assessment of in vitro antioxidant activity of 
essential oil of Eucalyptus citriodora (lemon-
scented Eucalypt; Myrtaceae) and its major 
constituents. LWT - Food Sc Technol 48: 
237 - 241. 
Pandey R, Kalra A, Tandon S, Mehrotra N, Singh 
HN, Kumar S. 2000. Essential oils as potent 
sources of nematicidal compounds. J 
Phytopathol 148: 501 - 502. 
Panzuto M, Mauffette Y, Albert PJ. 2002. 
Developmental, gustatory, and behavioral 
responses of leafroller larvae, Choristoneura 
rosaceana, to tannic acid and glucose. J 
Chem Ecol 28: 145 - 160. 
Park SY, Lim JY, Jeong W, Hong SS, Yang YJ, 
Hwang BY. 2010. C-methylflavonoids 
isolated from Callistemon lanceolatus 
(Myrtaceae) protect PC12 cells against A-β-
induced toxicity. Planta Medica 76: 863 - 
868. 
Peng C, Bodenhausen G, Qiu S, Fong HHS, 
Farnsworth NR, Yuan S, Zheng Ch. 1998. 
Computer-assisted structure elucidation: 
application of CISOC-SES to the resonance 
assignment and structure generation of 
betulinic acid. Magn Resonance  Chem 36: 
267 - 278.  
Quiroz S, Cespedes CL, Alderete JB, Alarcon J. 
2015. Ceanothane and Oleanane-Type 
triterpenes from T. quinquenervia have 
insecticidal activity against Cydia pomonella, 
Salazar et al. Insecticidal effects of Eucalyptus citriodora  
 
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/421 
 
Tenebrio molitor and Drosophila 
melanogaster. Ind Crop Prod 74: 759 - 766.  
Ramezani H, Singh HP, Batish DR, Kohli RK. 2002. 
Antifungal activity of the volatile oil of 
Eucalyptus citriodora. Fitoterapia 73: 261 - 
262. 
Rhoades DF. 1979. Evolution of plant chemical 
defense against herbivores. In: Herbivores: 
Their Interactions with Secondary Plant 
Metabolites. Rosenthal GA, Janzen DH. 
(Eds.), Academic Press, New York, USA. . 
Rhoades DF, Cates RG. 1976. Toward a general 
theory of plant antiherbivore chemistry. 
Recent Adv Phytochem 10: 168 - 213. 
Romanelli GP, Virla EG, Duchowicz PR, Gaddi AL, 
Ruiz DM, Bennardi DO, del Valle OE, 
Antino JC. 2010. Flavones have moderate 
insecticidal activity sustainable synthesis of 
flavonoid derivatives, QSAR study and 
insecticidal activity against FAW Spodoptera 
frugiperda (Lepidoptera: Noctuidae). J Agric 
Food Chem 58: 6290 - 6295. 
Sáez E, Nelson MC, Eshelman B, Banayo E, Koder 
A, Cho GJ, Evans RM. 2000. Identification 
of ligands and coligands for the ecdysone-
regulated gene switch. Proc Natl Acad Sci 
USA 97: 14512 - 14517. 
Savchenko T, Whiting P, Germade A, Dinan L. 2000. 
Ecdysteroid agonist and antagonist activities 
in species of the Solanaceae. Biochem Syst 
Ecol 28: 403 - 419. 
Schmelz EA, Grebenok RJ, Galbraith DW, Bowers 
WS. 1999. Insect-induced synthesis of 
phytoecdysteroids in spinach, Spinacia 
oleracea. J Chem Ecol 25: 1739 - 1757. 
Seebacher W, Simic N, Weis R, Saf R, Kunert O. 
2003. Spectral assignment and reference data: 
complete assignments of 1H –and 13C NMR 
resonances of oleanolic acid, 18-α-oleanolic 
acid, ursolic acid and their 11-oxo-
derivatives. Magn Resonances Chem 41: 
636 - 638. 
Shahnaz SA, Mohammed A. 2013. Volatile oil 
constituents of the leaves of Eucalyptus 
citriodora and influence on clinically isolated 
pathogenic microorganisms. J Sci Innov Res 
2: 852 - 858. 
Simon P, Koolman J. 1989. Ecdysteroids in 
vertebrates: pharmacological aspects. In: 
Koolman J. (Ed.), Ecdysone: From Chemistry 
to Mode of Action. George Thieme-Verlag, 
Stuttgart, Germany. 
Simmonds. MSJ. 2006. The search for plant-
 derived compounds with antifeedant 
 activity. In: Advances in Phytomedicine Vol. 
 3. Rai M, Carpinella C, Eds. Elsevier, 
 Amsterdam, Netherlands. 
 Sláma K, Lafont R. 1995. Insect-hormones – 
ecdysteroids: their presence and actions in 
vertebrates. Eur J Entomol 92: 355 - 377. 
Smith CM. 2011. Biochemical plant defenses against 
herbivores. All flesh is grass: Cellular 
origin, life in extreme habitats and 
astrobiology 16: 287 - 310. 
Svoboda JS, Feldlaufer MF. 1991. Neutral sterol 
metabolism in insects. Lipids 26: 614 - 618. 
Swain T. 1979. Tannins and lignins. In Rosenthal 
GA, Janzen DH. (Eds.), Herbivores: Their 
Interactions with Secondary Plant 
Metabolites. Academic Press, New York, 
USA. 
Taibi F, Smagghe G, Amrani L, Soltani-Mazouni N. 
2003. Effect of ecdysone agonist RH-0345 on 
reproduction of mealworm, Tenebrio molitor. 
Comp Biochem Physiol C Toxicol 
Pharmacol 135c: 257 - 267. 
Tamayo MC, Rufat M, Bravo JM, San Segundo B. 
2000. Accumulation of a maize proteinase 
inhibitor in response to wounding and insect 
feeding, and characterization of its activity 
toward digestive proteinases of Spodoptera 
littoralis larvae.  Planta 211: 62 - 71. 
Torres P, Avila JG, Romo de Vivar A, García AM, 
Marín JC, Aranda E, Céspedes CL. 2003. 
Antioxidant and insect growth regulatory 
activities of stilbenes and extracts from Yucca 
periculosa.  Phytochemistry 64: 463 - 473. 
Truman W J, Rountree B D, Reiss E S, Schwartz ML. 
1983. Ecdysteroids regulate the release and 
action of eclosion hormone in the tobacco 
hornworm, Manduca sexta. J Insect Physiol 
12: 895 - 900.  
Upasani SM, Kotkar HM, Mendki PS, Maheshwari 
VL. 2003. Partial characterization and 
insecticidal properties of Ricinus communis 
L. foliage flavonoids. Pest Manag Sci 59: 
1349 - 1354. 
Voirin B. 1983. UV spectral differentiation of 5-
hydroxy –and 5-hydroxy-3-methoxyflavones 
with mono-(4´), di-(3´,4´) or tri-(3´-4´-5´)-
substituted B rings. Phytochemistry 22: 
2107 - 2145. 
Wang C, Yang J, Zhao P, Zhou Q, Mei Z, Yang G, 
Yang X, Feng Y. 2014. Chemical 
Salazar et al. Insecticidal effects of Eucalyptus citriodora  
 
Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/422 
 
constituents from Eucalyptus citriodora 
Hook leaves and their glucose transporter 4 
translocation activities. Bioorg Med Chem 
Lett 24: 3096 - 3099. 
Wollenweber E, Whede R, Dorr M, Lang G, Stevens 
JF. 2000. C-methyl flavonoids from the leaf 
waxes of some Myrtaceae. Phytochemistry 
55: 965 - 970. 
Wollenweber E, Kohorst G. 1981. Epicuticular leaf 
flavonoids from Eucalyptus species and from 
Kalmia latifolia. Z Naturforschung C 36c: 
913 - 915. 
Zapesochnaya GG, Sokol'skaya TA. 1984. Spectral 
characteristics of C-methylflavones. 
Khimiya Prirodnykh Soedinenii 3: 306 - 
309. 
Zhang M, Stout MJ, Kubo I. 1992. Isolation of 
ecdysteroids from Vitex stricheri using 
RLCC and recycling HPLC. Phytochemistry 
31: 247 - 250. 
Zhang M, Chaudhuri SK, Kubo I. 1993. 
Quantification of insect growth and its use in 
screening of naturally occurring insect 
control agents. J Chem Ecol 19: 1109 - 
1118. 
Zhang YE, Ma HJ, Feng DD, Lai XF, Chen ZM, Xu 
MY, Yu QY, Zhang Z. 2012. Induction of 
detoxification enzymes by quercetin in the 
silk worm. J Econ Entomol 105: 1034 - 
1042. 
Zitnan D, Kingan TG, Hermesman JL, Adams ME. 
1996. Identification of ecdysis-triggering 
hormone from an epitracheal endocrine 
system. Science 271: 88 - 91. 
Zitnan D, Ross LS, Zitnanova I, Hermesmann JL, 
Gill SS, Adams ME. 1999. Steroid induction 
of a peptide hormone gene leads to 
orchestration of a defined behavioral 
sequence. Neuron 23: 523 - 535. 
 
